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Particle Manipulate in-n 

The present invention relates to an apparatus for and 
method of performing the manipulation of particles suspended 
in a fluid, using an acoustic standing wave field. 

Our international patent application WO98/50133 
5 discloses an apparatus for performing the manipulation of 
particles suspended in a fluid, the apparatus comprising a duct 
for the flow of the fluid in which the particles are suspended, 
and means for establishing an acoustic standing wave field 
across the width of the duct: the duct is formed with an 
10 expansion in width downstream of the section in which the 
standing wave field is present. In use of this apparatus, the 
particles in the fluid are displaced, by the acoustic standing 
wave field, into a series of parallel bands, located at the 
standing wave nodes. The particles remain in these bands as 
15 the fluid flows downstream from the section in which the 
standing wave field is present. when the fluid reaches the 
expansion of the duct, the stream of fluid expands 
correspondingly in width and in so doing the bands of particles 
are spread further apart, so increasing the spacing between 
20 adjacent bands. m passing further along the duct, the 
particle bands retain their increased spacing. 

in the above-described apparatus, the duct may be 
relatively narrow in width and the operating frequency 
relatively high, to take advantage of the greater ease with 
25 whxch particles can be concentrated at high operating 
frequencies. However, the expansion of the duct leads to a 
separation of the particle bands, which is sufficient for the 
particle bands to be separated from the fluid, m particular 
in the apparatus disclosed in WO98/50133, the duct is formed 
30 with a plurality of outlet passages spaced apart along its 
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length, each of these outlet passages extending outwardly at 
an inclined, acute angle, thus forming an expansion in width 
of the duct. At a first pair of such outlet passages, the 
fluid adjacent the sides of the duct (i.e. outwardly of the 
5 outermost bands of particles) now pass out of the duct, along 
these outlet passages. At a second pair of inclined outlet 
passages, the outermost bands of particles pass out of the 
duct, along these passages. 

We have now devised an apparatus which provides for 
10 more effective separation of particles from a suspending fluid. 

In accordance with the present invention, there is 
provided an apparatus for performing the manipulation of 
particles suspended in a fluid, the apparatus comprising a duct 
for the flow of the fluid in which particles are suspended, and 
15 means for establishing, in a predetermined longitudinal portion 
of the duct, an acoustic standing wave field which extends 
across the width of the duct, the duct being provided, 
downstream of the portion in which the acoustic standing wave 
field is present, with at least one outlet passage which 
20 provides for an abrupt change of direction of the flowing 
fluid. 

Preferably the apparatus is arranged so that a single 
nodal plane is established in the acoustic standing wave field, 
generally mid-way between opposite sides of the longitudinal 

25 duct. Preferably the duct is formed with two outlet passages, 
in opposite sides of the duct. The particles concentrate as 
a planar band, located at the nodal plane of the standing wave 
field, and remain in this band as they flow along the duct, 
downstream from the portion in which the standing wave field 

30 is present. Then the fluid to either side of the particle band 
passes out of the longitudinal duct, through the respective 



outlet passages. 

Surprisingly, although the outlet passages impose an 
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abrupt change of the direction of flow, fl uid passes out 
through these passages without creating noticeable turbulence 
and substantially free of particles. The particles themselves 
continue to flow along the duct, downstream of the outlet 
5 passages. 

In a particular embodiment which will be described 
herein, each cutlet passage extends outwardly at substantially 
90° to the axis of the longitudinal duct. In general however 
each outlet passage may extend outwardly at any angle greater 
10 than 45° (preferably greater than 60°, to the axis of the 
longitudinal duct. We have found that it is considerably 
easrer to machine the outlet passages when these extend at such 
angles to the axis of the duct, than if the outlet passages are 
to extend at only a small angle, also, in the latter case 
15 sharp points and edges are created, at the junctions between 
the duct and the outlet passages, and we have found that 
particles e.g. of dirt are liable to accumulate at such sharp 
points. 

Preferably the longitudinal duct has a generally 
20 uniform, rectangular cross-section. Preferably each outlet 
passage also has a generally uniform, rectangular cross- 
section. Preferably the side of the duct, upstream of each 
outlet passage, diverges outwardly. Preferably the junction 
between the outlet passage and the side of the longitudinal 
25 duct, downstream of the outlet passage, is rounded off. 

Preferably the duct is arranged generally vertical, for 
the fluid to flow upwardly along it. 

Also in accordance with the present there is provided 
a method of performing the manipulation of particles suspended 
in a fluid, the method comprising the steps of providing a 
duct, producing a flow of fluid along the duct, the fluid 
havrng particles suspended therein, establishing an acoustic 
standing wave field which extends across the width of the duct 
in a predetermined longitudinal portion of the duct, and 




WO 00/4,794 V — PCT/GBQ.0/00,01. 




causing the fluid to undergo an abrupt change of direction into 
an outlet passage from the duct, at a position downstream of 
said portion in which the acoustic standing wave field is 
present . 

5 An embodiment of the present invention will now be 

described by way of example only and with reference to the 
accompanying drawing, the single figure of which is a 
diagrammatic longitudinal section through an embodiment of 
particle separation apparatus in accordance with the invention. 
10 Referring to the drawing, there is shown a device which 

comprises a longitudinal duct 10 which is of generally uniform, 
rectangular cross-section of 0.25 x 10mm. A piezoelectric 
transducer 2 0 is positioned on one side of the duct and the 
corresponding portion 22 of the opposite side of the duct is 
15 formed as a reflector. In use, a liquid or other fluid with 
suspended particles (e.g. biological cells) flows along the 
duct from an entry port 11: a signal generator GEN drives so 
that the transducer 20 and the transducer 20 and reflector 22 
establish an acoustic standing wave field which extends across 
20 the width of the duct 10, such that a single nodal plane is 
established mid-way across the duct; the acoustic standing wave 
field is present in a predetermined longitudinal portion of the 
duct, corresponding to the extent of the transducer 20 and 
reflector 22 along the length of the duct. The particles P, 
25 indicated by shading in the drawing, are displaced transversely 
by the standing wave field, to concentrate in this nodal plane. 

Downstream of the portion of the duct in which the 
standing wave field is established, the duct 10 is provided 
with a first outlet passage 12 which extends outwardly from one 
30 side of the duct 10 (at 90° to the axis of the duct 10, in the 
example shown) . The passage 12 also has a uniform, rectangular 
cross-section of 0.25 x 10mm. Further downstream, the duct 10 
is provided with a second outlet passage 14 which outwardly 
from the opposite side of the duct (also, in the example shown, 
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Claims 

1) An apparatus for performing the manipulation of 

particles suspended in a fluid, the apparatus comprising a duct 
for the flow of the fluid in which particles are suspended, and 

5 means for establishing, in a predetermined longitudinal portion 
of the duct, an acoustic standing wave field which extends 
across the width of the duct, the duct being provided, 
downstream of said portion in which the acoustic standing wave 
field is present, with at least one outlet passage which 

10 provides for an abrupt change of direction of the flowing 
fluid. 

2) An apparatus as claimed in claim 1, arranged so that a 

single nodal plane is established in the acoustic standing wave 
field, generally mid-way between opposite sides of said duct. 

15 3) An apparatus as claimed in claim 1 or 2 , in which said 

duct is formed with first and second outlet passages in 
opposite sides of said duct. 

4) An apparatus as claimed in any preceding claim, in 
which the or each outlet passage extends outwardly from said 

20 duct at an angle greater than 45°. 

5) An apparatus as claimed in claim 4, in which the or 
each outlet passage extends outwardly from said duct at an 
angle greater than 60° 

6) An apparatus as claimed in claim 5, in which the or 
25 each outlet passage extends outwardly from said duct at 

substantially 90°. 



7) 



An apparatus as claimed in any preceding claim, in 
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which said duct has a generally uniform, rectangular cross- 
section . 



8) An apparatus as claimed in any preceding claim, in 
which the or each outlet passage has a generally uniform, 

5 rectangular cross-section. 

9) An apparatus as claimed in any preceding claim in which 
the side of the duct, adjacent and upstream of the or each 
outlet passage, is inclined outwardly. 

10) An apparatus as claimed in any preceding claim, in 
10 which the junction between the or each outlet passage and the 

corresponding side of the duct, downstream of the outlet 
passage, is rounded off. 

ID An apparatus as claimed in any preceding claim, in 

which said duct is arranged generally vertical and for the 
15 fluid to flow upwardly along it. 

12) A method of performing the manipulation of particles 
suspended in a fluid, the method comprising the steps of 
providing a duct, producing a flow of fluid along the duct, the 
fluid having particles suspended therein, establishing an 

20 acoustic standing wave field which extends across the width of 
the duct, in a predetermined longitudinal portion of the duct, 
and causing the fluid to undergo an abrupt change of direction 
into an outlet passage from the duct, at a position downstream 
of said portion in which the acoustic standing wave field is 

25 present . 
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